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IN THE CLAIMS : 

The text of claims withdrawn claims 16 - 20, 41 - 48, 61 - 62, and 67 - 68 have 
been included in the listing of claims. 
Claims 1-10 (cancelled). 

1 1 . (original) A stereo echo canceller associated to a space provided therein . 
with two loudspeakers and two microphones for forming four audio transfer systems 
through which stereo sounds are reproduced by said respective loudspeakers and are 
collected by said respective microphones, 

the canceller comprising: first and second filter sections that are provided 
corresponding to the first and second microphones for subjecting an audio signal 
supplied to the first loudspeaker to convolution calculations so as to produce first and 
second echo cancel signals, respectively; 

third and fourth filter sections that are provided corresponding to the first and 
second microphones for subjecting another audio signal supplied to the second 
loudspeaker to convolution calculations so as to produce third and fourth echo cancel 
signals, respectively; 

a first subtracting section that performs echo cancellation by subtracting said first 
and third echo cancel signals from a collected audio signal of the first microphone; and 

a second subtracting section that performs echo cancellation by subtracting said 
second and fourth echo cancel signals from another collected audio signal of the 
second microphone, wherein 

said stereo echo canceller further comprises a transfer function calculating 
section that respectively derives filter characteristics corresponding to transfer functions 
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of said four audio transfer systems based on a cross-spectrum calculation between a 
sum signal and difference signal of stereo audio signals to be reproduced by said 
respective loudspeakers and the collected audio signals of said respective 
microphones, thereby to set said derived filter characteristics to corresponding ones of 
said first to fourth filter sections, respectively. 

12. (original) A stereo echo canceller as recited in claim 1 1 , further comprising: 
an input section that inputs said stereo audio signals; 

a sum/difference signal producing section that produces said sum signal and 
said difference signal of the stereo audio signals inputted from said input section; and 

a main signal transmission system that transmits the stereo audio signals 
inputted from said input section to said respective loudspeakers without passing 
through said sum/difference signal producing section, 

wherein said transfer function calculating section derives the filter characteristics 
corresponding to the transfer functions of said four audio transfer systems based on the 
cross-spectrum calculation between the sum signal and difference signal produced by 
said sum/difference signal producing section and the collected audio signals of said 
respective microphones, and sets the derived filter characteristics to corresponding 
ones of said first to fourth filter sections, respectively. 

13. (original) A stereo echo canceller associated to a space provided therein 
with two loudspeakers and two microphones for forming four audio transfer systems 
through which stereo sounds are reproduced by said respective loudspeakers and are 
collected by said respective microphones, 

the canceller comprising: first and second filter sections that are provided 
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corresponding to the first and second microphones for subjecting an audio signal 
supplied to the first loudspeaker to convolution calculations so as to produce first and 
second echo cancel signals, respectively; 

third and fourth filter sections that are provided corresponding to the first and 
second microphones for subjecting another audio signal supplied to the second 
loudspeaker to convolution calculations so as to produce third and fourth echo cancel 
signals, respectively; 

a first subtracting section performs echo cancellation by subtracting said first and 
third echo cancel signals from a collected audio signal of the first microphone; and 

a second subtracting section that performs echo cancellation by subtracting said 
second and fourth echo cancel signals from another collected audio signal of the 
second microphone, wherein 

said stereo echo canceller further comprises a transfer function calculating 
section respectively derives estimated errors of transfer functions of said four audio 
transfer systems based on a cross-spectrum calculation between respective one of a 
sum signal and a difference signal of stereo audio signals to be reproduced by said 
respective loudspeakers and respective one of echo cancel error signals obtained by 
subtracting the corresponding echo cancel signals from the collected audio signals of 
said two microphones, thereby to update filter characteristics of said first to fourth filter 
sections to values that cancel said estimated errors, respectively. 

14. (original) A stereo echo canceller as recited in claim 13, further comprising: 

an input section that inputs said stereo audio signals; 

a sum/difference signal producing section that produces said sum signal and 
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said difference signal of the stereo audio signals inputted from said input section; and 

a main signal transmission system that transmits the stereo audio signals 
inputted from said input section to said respective loudspeakers without passing 
through said sum/difference signal producing section, 

wherein said transfer function calculating section derives the estimated errors of 
the transfer functions of said four audio transfer systems based on the cross-spectrum 
calculation between the sum signal and difference signal produced by said 
sum/difference signal producing section and the respective echo cancel error signals, 
and updates the filter characteristics of said first to fourth filter sections to the values 
that cancel said estimated errors, respectively. 

15. (original) A stereo echo canceller as recited in claim 13, further comprising 
a correlation detecting section that detects a correlation between the sum signal and 
the difference signal of said stereo audio signals, and that stops the updating of said 
filter characteristics when a value of said correlation is no less than a predetermined 
value. 

16. (withdrawn) A stereo echo canceller associated to a space provided therein 
with two loudspeakers and two microphones for forming four audio transfer systems, 

the canceller comprising: 

an input section that inputs audio signals of stereo sounds from an outside, 
which are reproduced by said respective loudspeakers and collected by said respective 
microphones through the audio transfer systems; 

first and second filter sections that is provided corresponding to the first and 
second microphones for subjecting an audio signal supplied to the first loudspeaker to 
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convolution calculations so as to produce first and second echo cancel signals, 
respectively; 

third and fourth filter sections that are provided corresponding to the first and 
second microphones for subjecting another audio signal supplied to the second 
loudspeaker to convolution calculations so as to produce third and fourth echo cancel 
signals, respectively; 

a first subtracting section that performs echo cancellation by subtracting said first 
and third echo cancel signals from a collected audio signal of the first microphone; and 

a second subtracting section that performs echo cancellation by subtracting said 
second and fourth echo cancel signals from another collected audio signal of the 
second microphone, wherein 

said stereo echo canceller further comprises a transfer function calculating 
section respectively derives filter characteristics corresponding to transfer functions of 
said four audio transfer systems based on a cross-spectrum calculation between said 
collected audio signals of said respective microphones and mutually orthogonal two 
uncorrelated composite signals produced by applying a principal component analysis to 
stereo audio signals to be reproduced by said respective loudspeakers, thereby to set 
said derived filter characteristics to corresponding ones of said first to f<purth filter 
sections, respectively. 

17. (withdrawn) A stereo echo canceller as recited in claim 16, further 
comprising: 

an orthogonalizing section that applies said principal component analysis to the 
stereo audio signals inputted from said input section to produce said mutually 
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orthogonal two uncorrelated composite signals; and 

a main signal transmission system that transmits the stereo audio signals 
inputted from said input section to said respective loudspeakers without passing 
through said orthogonalizing section, 

wherein said transfer function calculating section derives the filter characteristics 
corresponding to the transfer functions of said four audio transfer systems based on the 
cross-spectrum calculation between the two uncorrelated composite signals produced 
by said orthogonalizing section and the collected audio signals of said respective 
microphone, and sets the derived filter characteristics to corresponding ones of said 
first to fourth filter sections, respectively. 

18. (withdrawn) A stereo echo canceller associated to a space provided therein 
with two loudspeakers and two microphones for forming four audio transfer systems, 

the canceller comprising: 

an input section that inputs stereo audio signals from an outside, which are 
reproduced by said respective loudspeakers and collected by said respective 
microphones through the audio transfer systems; 

first and second filter sections that are provided corresponding to the first and 
second microphones for subjecting an audio signal supplied to the first loudspeaker to 
convolution calculations so as to produce first and second echo cancel signals, 
respectively; 

third and fourth filter sections that are provided corresponding to the first and 
second microphones for subjecting another audio signal supplied to the second 
loudspeaker to convolution calculations so as to produce third and fourth echo cancel 
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signals, respectively; 

a first subtracting section performs echo cancellation by subtracting said first and 
third echo cancel signals from a collected audio signal of the first microphone; and 

a second subtracting section performs echo cancellation by subtracting said 
second and fourth echo cancel signals from another collected audio signal of the 
second microphone, wherein 

said stereo echo canceller further comprises a transfer function calculating 
section that respectively derives estimated errors of transfer functions of said four audio 
transfer systems based on a cross-spectrum calculation between mutually orthogonal 
two uncorrelated composite signals produced by applying a principal component 
analysis to stereo audio signals to be reproduced by said respective loudspeakers and 
respective echo cancel error signals obtained by subtracting the corresponding echo 
cancel signals from the collected audio signals of said two microphones, thereby to 
update filter characteristics of said first to fourth filter sections to values that cancel said 
estimated errors, respectively. 

19. (withdrawn) A stereo echo canceller as recited in claim 18, further 
comprising: 

an orthogonalizing section applies a principal component analysis to the stereo 
audio signals inputted from said input section to produce said mutually orthogonal two 
uncorrelated composite signals; and 

a main signal transmission system that transmits the stereo audio signals 
inputted from said input section to said respective loudspeakers without passing 
through said orthogonalizing section, 
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wherein said transfer function calculating section derives the estimated errors of 
the transfer functions of said four audio transfer systems based on the cross-spectrum 
calculation between the two uncorrelated composite signals produced by said 
orthogonalizing section and the respective echo cancel error signals, and updates the 
filter characteristics of said first to fourth filter sections to the values that cancel said 
estimated errors, respectively. 

20. (withdrawn) A stereo echo canceller as recited in claim 18, further 
comprising a double talk detecting section that is provided for detecting double talk in 
which a sound other than that reproduced by said loudspeakers is inputted into said 
microphones, 

wherein said transfer function calculating section makes relatively longer an 
update period of said filter characteristics when said double talk is detected, while 
makes relatively shorter the update period of said filter characteristics when said double 
talk is not detected. 

21 . (original) A stereo sound transfer apparatus associated to two spaces each 
forming said four audio transfer systems, wherein the stereo echo canceller recited in 
claim 1 1 is arranged in each space, so that the stereo audio signals, which have been 
echo-canceled by said stereo echo cancellers, are transmitted between said two 
spaces. 

Claims 22 - 40 (cancelled) 

41. (withdrawn) An echo cancel method associated to a space provided therein 
with a plurality of loudspeakers and one or a plurality of microphones for forming a 
plurality of audio transfer systems through which audio signals of multi-channels having 
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a correlation with each other are reproduced by said respective loudspeakers and are 
collected by said microphones, and designed for performing an echo cancellation by 
subtracting an echo cancel signal from the audio signals collected by the respective 
microphone or from composite signals obtained by combining the collected audio ' 
signals, the method comprising: 

inputting a plurality of low-correlation audio signals which are obtained by 
suitably combining first audio signals of multi-channels and which have a lower 
correlation with each other than that among said first audio signals of multi-channels; 

generating second audio signals of multi-channels having a correlation with each 
other by computation based on the inputted low-correlation audio signals; 

feeding the generated second audio signals to the respective loudspeakers so as 
to reproduce audio sounds; 

feeding the generated second audio signals or the inputted low-correlation audio 
signals to filters; 

estimating individual transfer functions of said plurality of said audio transfer 
systems or a plurality of composite transfer functions obtained by suitably combining 
said individual transfer functions based on the inputted low-correlation audio signals so 
as to set corresponding filter characteristics; 

producing echo cancel signals by applying said set filter characteristics to the 
second audio signals or the low-correlation audio signals fed to the filters; and 

subtracting said echo cancel signals from collected audio signals obtained by 
collecting the reproduced audio sounds by the microphones or from composite audio 
signals obtained by suitably combining said collected audio signals, thereby performing 
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the echo cancellation. 

42. (withdrawn) An echo cancel method as recited in claim 41, wherein the 
inputted low-correlation audio signals are obtained by adding or subtracting the first 
audio signals of multi-channels with each other. 

43. (withdrawn) An echo cancel method associated to a space provided therein 
with a plurality of loudspeakers and one or a plurality of microphones for forming a 
plurality of audio transfer systems through which audio signals of multi-channels having 
a correlation with each other are reproduced by said respective loudspeakers and are 
collected by said microphones, and designed for performing an echo cancellation by 
subtracting an echo cancel signal from the audio signals collected by the respective 
microphone or from composite signals obtained by combining the collected audio 
signals, the method comprising: 

inputting a plurality of first low-correlation audio signals which are obtained by 
suitably combining first audio signals of multi-channels and which have a lower 
correlation with each other than that among said first audio signals of multi-channels; 

generating second audio signals of multi-channels having a correlation with each 
other by computation based on the inputted first low-correlation audio signals; 

feeding the generated second audio signals to the respective loudspeakers so as 
to reproduce audio sounds; 

generating second low-correlation audio signals of multi-channels based on the 
generated second audio signals; 

feeding the generated second audio signals or the generated second low- 
correlation audio signals to filters; 
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estimating individual transfer functions of said plurality of said audio transfer 
systems or a plurality of composite transfer functions obtained by suitably combining 
said individual transfer functions based on the generated second low-correlation audio 
signals so as to set corresponding filter characteristics; 

producing echo cancel signals by applying said set filter characteristics to the 
second audio signals or the second low-correlation audio signals fed to the filters; and 

subtracting said echo cancel signals from collected audio signals obtained by 
collecting the reproduced audio sounds at the microphones or from composite audio 
signals obtained by suitably combining said collected audio signals, thereby performing 
the echo cancellation. 

44. (withdrawn) An echo cancel method as recited in claim 43, wherein the 
inputted first low-correlation audio signals are obtained by adding or subtracting the first 
audio signals of multi-channels with each other. 

45. (withdrawn) An echo canceller associated to a space provided therein with 
a plurality of loudspeakers and one or a plurality of microphones for forming a plurality 
of audio transfer systems through which audio signals of multi-channels having a 
correlation with each other are reproduced by said respective loudspeakers and are 
collected by said microphones, and designed for performing an echo cancellation by 
subtracting an echo cancel signal from the audio signals collected by the respective 
microphone or from composite signals obtained by combining the collected audio 
signals, the echo canceller comprising: 

an inputting section that inputs a plurality of low-correlation audio signals which 
are obtained by suitably combining first audio signals of multi-channels and which have 
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a lower correlation with each other than that among said first audio signals of multi- 
channels; 

a demodulating section that is provided for generating second audio signals of 
multi-channels having a correlation with each other by demodulating the inputted low- 
correlation audio signals, and for feeding the generated second audio signals to the 
respective loudspeakers so as to reproduce audio sounds; 

an estimating section that estimates individual transfer functions of said plurality 
of said audio transfer systems or a plurality of composite transfer functions obtained by 
suitably combining said individual transfer functions based on the inputted low- 
correlation audio signals so as to set corresponding filter characteristics; 

a filter section that produces echo cancel signals by applying said set filter 
characteristics to the second audio signals or the low-correlation audio signals fed to 
the filter section; and 

a subtracting section that subtracts said echo cancel signals from collected audio 
signals obtained by collecting the reproduced audio sounds at the microphones or from 
composite audio signals obtained by suitably combining said collected audio signals, 
thereby performing the echo cancellation. 

46. (withdrawn) An echo canceller as recited in claim 45, wherein the inputted 
low-correlation audio signals are obtained by adding or subtracting the first audio 
signals of multi-channels with each other. 

47. (withdrawn) An echo canceller associated to a space provided therein with a 
plurality of loudspeakers and one or a plurality of microphones for forming a plurality of 
audio transfer systems through which audio signals of multi-channels having a 
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correlation with each other are reproduced by said respective loudspeakers and are 
collected by said microphones, and designed for performing an echo cancellation by 
subtracting an echo cancel signal from the audio signals collected by the respective 
microphone or from composite signals obtained by combining the collected audio 
signals, the echo canceller comprising: 

an inputting section that inputs a plurality of first low-correlation audio signals 
which are obtained by suitably combining first audio signals of multi-channels and which 
have a lower correlation with each other than that among said first audio signals of 
multi-channels; 

a demodulating section that is provided for generating second audio signals of 
multi-channels having a correlation with each other by demodulating the inputted first 
low-correlation audio signals, and for feeding the generated second audio signals to the 
respective loudspeakers so as to reproduce audio sounds; 

an estimating section that is provided for generating second low-correlation 
audio signals of multi-channels based on the generated second audio signals, and for 
estimating individual transfer functions of said plurality of said audio transfer systems or 
a plurality of composite transfer functions obtained by suitably combining said individual 
transfer functions based on the generated second low-correlation audio signals so as to 
set corresponding filter characteristics; 

a filter section that produces echo cancel signals by applying said set filter 
characteristics to the second audio signals or the second low-correlation audio signals 
fed to the filter section; and 

a subtracting section that subtracts said echo cancel signals from collected audio 
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signals obtained by collecting the reproduced audio sounds at the microphones or from 
composite audio signals obtained by suitably combining said collected audio signals, 
thereby performing the echo cancellation. 

48. (withdrawn) An echo canceller as recited in claim 47, wherein the inputted 
first low-correlation audio signals are obtained by adding or subtracting the first audio 
signals of multi-channels with each other. 

Claims 49 - 52 (cancelled). 

53. (currently amended) A multi-channel echo cancel method associated to a 
space provided therein with a plurality of loudspeakers and ono or a plurality of 
microphon e s at least one microphone for forming a plurality of audio transfer systems, 
the method comprising: 

inputting multi-channel audio signals from an outside, which have a 
correlation with each other, and which are reproduced by said respective loudspeakers 
and collected by said at least one microphone[[s]] through the audio transfer systems; 

estimating individual transfer functions of said plurality of said audio 
transfer systems or a plural i ty of composite transfor funct i ons obta i nod by suitab l y 
combin i ng said ind i v i dual transf e r funct i ons so as to set corresponding filter 
characteristics, respectively; 

producing echo cancel signals respectively by applying said set filter 
characteristics to corresponding ones of said [[the]] multi-channel audio signals to be 
reproduced by said respective loudspeakers or a plurality of composit e signals obta i nod 
by suitably comb i n i ng said mu l t i channol aud i o s i gnals ; and 

subtracting said echo cancel signals from corresponding individual 
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collected audio signals of said ono or p l ura li ty of at least one microphoneffsIL or from a 
plura li ty of composite s i gnals obtained by su i tab l y comb i ning said ind i v i dual co l loctod 
audio signa l s, thereby performing echo cancellation, 

wherein, reference signals are determined as a set of a plurality of low- 
correlation composite signals which correspond to signals obtained by suitably 
combining said multi-channel audio signals and which have a lower correlation with 
each other than that among said multi-channel audio signals, for deriving said individual 
transfer functions of the respective audio transfer systems or said p l ura l ity of sa i d 
compos i to transfer functions obta i nod by suitab l y comb i n i ng sa i d individua l transf e r 
funct i ons, thereby setting said corresponding filter characteristics. 

54. (currently amended) A multi-channel echo cancel method as recited in claim 
53, wherein calculation is conducted for respectively deriving the individual transfer 
functions of the respective audio transfer systems or the p l ura li ty of th e compos i t e 
transf e r funct i ons obtain e d by su i tab l y combin i ng said i ndividua l transf e r funct i ons with 
using the set of the plurality of the low-correlation composite signals as the reference 
signals, such that the calculation is based on a cross-spectrum calculation between the 
plurality of the low-correlation composite signals and the individual collected audio 
signals of the at least one microphone j), or tho p l ura l ity of tho compos i te s i gna l s 
obtain e d by suitably comb i n i ng said i nd i v i dual co ll ect e d audio s i gna l s . 

55. (currently amended) A multi-channel echo cancel method associated to a 
space provided therein with a plurality of loudspeakers and ono or a plura l ity of 
microphonos at least one microphone for forming a plurality of audio transfer systems 
through which multi-channel audio signals having a correlation with each other are 
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reproduced by said respective loudspeakers and are collected by said at least one 
microphone[[s]], 

the method comprising: estimating individual transfer functions of said 
plurality of said audio transfer systems or a p l ural i ty of oomposit o transfer funct i ons 
obtain e d by suitably combin i ng sa i d i ndiv i dual transf e r functions so as to set 
corresponding filter characteristics, respectively; 

producing echo cancel signals respectively by applying said set filter 
characteristics to corresponding ones of said multi-channel audio signals to be 
reproduced by said respective loudspeakers or a plura l ity of composit e s i gnals obta i nod 
by su i tab l y combining sa i d multi - chann el aud i o s ignals ; and 

subtracting said echo cancel signals from corresponding individual 
collected audio signals of said on e or p l ura l ity of at least one microphoneffsll, or from a 
p l ural i ty of compocito signa l s obtain e d by suitably combin i ng said i ndiv i dual co l lect e d 
audio signa l s, thereby performing echo cancellation, 

wherein, reference signals are determined as a set of a plurality of low- 
correlation composite signals which correspond to signals obtained by suitably 
combining said multi-channel audio signals and which have a lower correlation with 
each other than that among said multi-channel audio signals, for deriving said individual 
transfer functions of the respective audio transfer systems or said p l ural i ty of sa i d 
composit e transf e r funct i ons obtain e d by suitab l y comb i ning sa i d ind i v i dua l tran s f e r 
functions, thereby setting said corresponding filter characteristics, 

wherein calculation is conducted for respectively deriving the individual 
transfer functions of the respective audio transfer systems or tho p l urality of tho 
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composite) transfor funct i ons obta i nod by cuitab l y combining said individual transfor 
functions with using the set of the plurality of the low-correlation composite signals as 
the reference signals, such that the calculation is based on a cross-spectrum 
calculation between the plurality of the low-correlation composite signals and the 
individual collected audio signals of the at least one microphone[[s]], or tho p l ura li ty of 
th e compos i te signals obtain e d by su i tab l y comb i ning s aid i nd i vidua l co l l e ct e d aud i o 
s i gnals, and wherein 

the calculation of respectively deriving the individual transfer functions of 
said plurality of the audio transfer systems or tho p l ural i ty of th e compos i to transfor 
funct i ons obtainod by su i tably comb i ning said i nd i v i dua l transfor functions is performed 
by combining said multi-channel audio signals through add i tion or subtraction arithmetic 
operation to produce a plurality of low-correlation composite signals having a lower 
correlation with each other than that among said multi-channel audio signals, deriving 
cross spectra by the cross-spectrum calculation between said plurality of the low- 
correlation composite signals and the individual collected audio signals of the at least 
one microphone[[s]], or tho plurality of th e composito signals obtain e d by s uitably 
comb i ning sa i d individua l co lle cted aud i o s i gna l s, and ensemble-averaging each of the 
cross spectra in a predetermined time period for deriving the individual transfer 
functions of said plurality of the audio transfer systems or the plurality of tho composito 
transf e r funct i ons obta i n e d by su i tably comb i n i ng said i nd i vidua l transf e r function s. 

56. (currently amended) A multi-channel echo cancel method associated to a 
space provided therein with a plurality of loudspeakers and ono or a plura l ity of 
microphones at least one microphone for forming a plurality of audio transfer systems, 
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the method comprising: 

inputting multi-channel audio signals from an outside, which have a correlation 
with each other, and which are reproduced by said respective loudspeakers and 
collected by said at least one microphone[[s]] through the audio transfer systems; 

estimating individual transfer functions of said plurality of said audio transfer 
systems or a plura li ty of compos i t e transf e r functions obtained by suitably comb i ning 
sa i d individual transfor funct i ons so as to set corresponding filter characteristics, 
respectively; 

producing echo cancel signals respectively by applying said set filter 
characteristics to corresponding ones of said multi-channel audio signals to be 
reproduced by said respective loudspeakers or a plurality of composite signals obtained 
by suitably combining said multi-channel audio signals; and 

subtracting said echo cancel signals from corresponding individual collected 
audio signals of said at least one or plura li ty of microphones, or from a p l ural i ty of 
compos i te signals obtain e d by su i tab l y combin i ng said i ndividua l collected audio 
s i gnals, thereby performing echo cancellation, 

wherein, reference signals are determined as a set of a plurality of low- 
correlation composite signals which correspond to signals obtained by suitably 
combining said multi-channel audio signals and which have a lower correlation with 
each other than that among said multi-channel audio signals, for deriving estimated 
errors of said individual transfer functions of the respective audio transfer systems or 
said plurality of said composite transfer functions obtained by suitably combining said 
individual transfer functions, thereby updating said corresponding filter characteristics to 
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values that cancel the estimated errors. 

57. (currently amended) A multi-channel echo cancel method as recited in claim 
56, wherein calculation is conducted for respectively deriving the estimated errors of the 
individual transfer functions of the respective audio transfer systems or tho plura l ity of 
tho composite transfer functions obtainod by cuitably combining said i nd i vidua l transfor 
functions with using the set of the plurality of the low-correlation composite signals as 
the reference signals, such that the calculation is based on a cross-spectrum 
calculation between the plurality of the low-correlation composite signals and echo 
cancel error signals obtained by subtracting the echo cancel signals from the 
corresponding individual collected audio signals of said on e or plura li ty of th e at least 
one microphone s, or from tho p l ura li ty of tho composit e signals obtainod by suitably 
comb i ning said ind i v i dual collected aud i o signa l s . 

58. (currently amended) A multi-channel echo cancel method associated to a 
space provided therein with a plurality of loudspeakers and ono or a p l ural i ty of 
microphon e s at least one microphone for forming a plurality of audio transfer systems 
through which multi-channel audio signals having a correlation with each other are 
reproduced by said respective loudspeakers and are collected by said at least one 
microphone[[s]], 

the method comprising: 

estimating individual transfer functions of said plurality of said audio transfer 
systems or a p l ura li ty of composit e transf e r funct i ons obta i ned by su i tab l y comb i ning 
sa i d i ndiv i dual transfor funct i ons so as to set corresponding filter characteristics, 
respectively; 

-20- 
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producing echo cancel signals respectively by applying said set filter 
characteristics to corresponding ones of said multi-channel audio signals to be 
reproduced by said respective loudspeakers or a plural i ty of composite s i gnals obtainod 
by s u i tab l y combin i ng said mu l tichann el audio signa l s ; and 

subtracting said echo cancel signals from corresponding individual collected 
audio signals of said ono or plura l ity of at least one microphone[[s]], or from a plura li ty 
of compos i to signals obta i nod by suitab l y combining said i ndividual co ll octod aud i o 
signa l s, thereby performing echo cancellation, 

wherein, reference signals are determined as a set of a plurality of low- 
correlation composite signals which correspond to signals obtained by suitably 
combining said multi-channel audio signals and which have a lower correlation with 
each other than that among said multi-channel audio signals, for deriving estimated 
errors of said individual transfer functions of the respective audio transfer systems of 
said p l ura li ty of sa i d composit e transfor funct i ons obta i nod by suitab l y comb i ning sa i d 
individua l transfor functions, thereby updating said corresponding filter characteristics to 
values that cancel the estimated errors, 

wherein calculation is conducted for respectively deriving the estimated errors of 
the individual transfer functions of the respective audio transfer systems or th e plurality 
of th e composit e transf e r funct i ons obtain e d by suitably comb i n i ng said ind i v i dua l 
transfor functions with using the set of the plurality of the low-correlation composite 
signals as the reference signals, such that the calculation is based on a cross-spectrum 
calculation between the plurality of the low-correlation composite signals and echo 
cancel error signals obtained by subtracting the echo cancel signals from the 
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corresponding individual collected audio signals of said ono or plura l ity of th e at least 
one microphone s, or from the plura li ty of tho compos i t e signa l s obtain e d by su i tab l y 
combining sa i d individua l colloctod audio s i gna l s , and 

wherein the calculation of respectively deriving the estimated errors of the 
individual transfer functions of said plurality of the audio transfer systems or tho plura li ty 
of th e composito transfer functions obta i nod by su i tab l y combining said i ndiv i dua l 
transfer funct i ons is performed by combining said multi-channel audio signals through 
add i tion or subtract i on an arithmetic operation to produce a plurality of low-correlation 
composite signals having a lower correlation with each other than that among said 
multi-channel audio signals, deriving cross spectra by the cross-spectrum calculation . 
between said plurality of the low-correlation composite signals and the echo cancel 
error signals obtained by subtracting the echo cancel signals from the corresponding 
individual collected audio signals of said ono or plural i ty of tho at least one 
microphone[[s]], or from tho p l ura li ty of tho compos i to signa l s obta i n e d by suitably 
comb i n i ng sa i d i ndividua l co ll ected aud i o signa l s, and ensemble-averaging each of the 
cross spectra in a predetermined time period for deriving the estimated errors of the 
individual transfer functions of said plurality of the audio transfer systems or th e p l urality 
of tho compos i to transfer functions obta i nod by su i tab l y combining sa i d individual 
transf e r funct i ons . 

59. (currently amended) A multi-channel echo cancel method associated to a 
space provided therein with a plurality of loudspeakers and on e or a plural i ty of 
microphon e s at least one microphone for forming a plurality of audio transfer systems 
through which multi-channel audio signals having a correlation with each other are 



600226456v1 



-22- 



PATENT 
51270-305144 

reproduced by said respective loudspeakers and are collected by said at least one 
microphone[[s]], 

the method comprising: 

estimating individual transfer functions of said plurality of said audio transfer 
systems or a plura l ity of compocito transfor functions obta i n e d by su i tab l y combining 
sa i d ind i v i dual transfer functions so as to set corresponding filter characteristics, 
respectively; 

producing echo cancel signals respectively by applying said set filter 
characteristics to corresponding ones of said multi-channel audio signals to be 
reproduced by said respective loudspeakers or a plural i ty of composito signa l s obta i ned 
by suitab l y combining said mult i channo l aud i o signals ; and 

subtracting said echo cancel signals from corresponding individual collected 
audio signals of said ono or p l ura li ty of at least one microphone s, or from a p l ural i ty of 
compos i to signa l s obtainod by suitab l y combin i ng said indiv i dua l co ll octod aud i o 
signals, thereby performing echo cancellation, 

wherein, reference signals are determined as a set of a plurality of low- 
correlation composite signals which correspond to signals obtained by suitably 
combining said multi-channel audio signals and which have a lower correlation with 
each other than that among said multi-channel audio signals, for deriving estimated 
errors of said individual transfer functions of the respective audio transfer systems of 
6 aid p l ura l ity of said compos i t e transf e r functions obta i ned by suitab l y comb i n i ng sa i d 
indiv i dua l transf e r functions , thereby updating said corresponding filter characteristics to 
values that cancel the estimated errors, and 
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wherein the correlation between said plurality of said low-correlation composite 
signals is detected and, when a value of said correlation is no less than a 
predetermined value, the updating of said filter characteristics is suspended. 

60. (previously presented) A multi-channel sound transfer method associated to 
two spaces each forming said plurality of said audio transfer systems, wherein the 
multi-channel echo cancel method recited in claim 53 is carried out respectively in the 
two spaces, so that the multi-channel audio signals, which have been echo-canceled by 
performing said method, are transmitted between said two spaces. 

61. (withdrawn) A multi-channel echo cancel method associated to a space 
provided therein with a plurality of loudspeakers and one or a plurality of microphones 
for forming a plurality of audio transfer systems, 

the method comprising: 

inputting multi-channel audio signals from an outside, which have a correlation 
with each other, and which are reproduced by said respective loudspeakers and 
collected by said microphones through the audio transfer systems; 

estimating transfer functions of said plurality of said audio transfer systems so as 
to set corresponding filter characteristics, respectively; 

producing echo cancel signals respectively by applying said filter characteristics 
to corresponding multi-channel audio signals to be reproduced by said respective 
loudspeakers; and 

subtracting said echo cancel signals from corresponding collected audio signals 
of said one or plurality of said microphones, thereby performing echo cancellation, 
wherein a principal component analysis is applied to said multi-channel audio 
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signals to produce a plurality of uncorrelated composite signals that are orthogonal to 
each other, and the transfer functions of the respective audio transfer systems are 
respectively derived using a set of said plurality of said uncorrelated composite signals 
as reference signals, thereby to set the corresponding filter characteristics. 

62. (withdrawn) A multi-channel echo cancel method associated to a space 
provided therein with a plurality of loudspeakers and one or a plurality of microphones 
for forming a plurality of audio transfer systems, 

the method comprising: 

inputting multi-channel audio signals from an outside, which have a correlation 
with each other, and which are reproduced by said respective loudspeakers and 
collected by said microphones through the audio transfer systems; 

estimating transfer functions of said plurality of said audio transfer systems so as 
to set corresponding filter characteristics, respectively; 

producing echo cancel signals respectively by applying said filter characteristics 
to corresponding multi-channel audio signals to be reproduced by said respective 
loudspeakers; and 

subtracting said echo cancel signals from corresponding collected audio signals 
of said one or plurality of said microphones, thereby performing echo cancellation, 

wherein a principal component analysis is applied to said multi-channel audio 
signals to produce a plurality of uncorrelated composite signals that are orthogonal to 
each other, and estimated errors of the transfer functions of the respective audio 
transfer systems are respectively derived using a set of said plurality of said 
uncorrelated composite signals as reference signals, thereby to update said 
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corresponding filter characteristics to values that cancel said estimated errors. 

63. (currently amended) A transfer function calculation apparatus being 
associated to a space provided therein with a plurality of loudspeakers and on e or a 
p l ura l ity of microphones at least one microphone for forming a plurality of audio transfer 
systems, and being capable of estimating individual transfer functions of said plurality of 
audio transfer systems or a p l ura li ty of composit e transf e r funct i ons obtain e d by s u i tab l y 
combin i ng said ind i vidua l transfer functions , the apparatus comprising: 

an input section that inputs multi-channel audio signals from an outside, which 
have a correlation with each other, and which are reproduced by said respective 
loudspeakers and collected by said at least one microphone[[s]] through the audio 
transfer systems; 

a providing section that provides reference signals as a set of a plurality of low- 
correlation composite signals which correspond to signals obtained by suitably 
combining said multi-channel audio signals and which have a lower correlation with 
each other than that between said multi-channel audio signals; and 

a calculation section that estimates the individual transfer functions of the 
respective audio transfer systems or tho p l ura li ty of tho composit e transfer funct i ons 
obtainod by suitably comb i n i ng said i ndiv i dua l transfer functions based on the 
determined reference signals. 

64. (currently amended) A transfer function calculation apparatus as recited in 
claim 63, wherein the calculation section respectively derives the individual transfer 
functions of the respective audio transfer systems or tho p l ura l ity of sa i d composit e 
transfer functions obta i nod by su i tab l y combin i ng sa i d ind i vidua l transfer funct i ons , 
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using as the reference signals the set of the plurality of the low-correlation composite 
signals, such that calculation of respectively deriving the individual transfer functions of 
the respective audio transfer systems or th e plurality of said compos i te) transfer 
functions obta i ned by su i tab l y combin i ng sa i d individua l transfer funct i ons is based on a 
cross-spectrum calculation between the plurality of said low-correlation composite 
signals and individual collected audio signals of the at least one microphones^-of-a 
plural i ty of composito s i gnals obta i nod by suitably combin i ng sa i d i nd i vidual co ll octod 
audio s i gnals . 

65. (currently amended) A transfer function calculation apparatus being 
associated to a space provided therein with a plurality of loudspeakers and on e or a 
plura li ty of m i crophon e s at least one microphone for forming a plurality of audio transfer 
systems through which multi-channel audio signals having a correlation with each other 
are reproduced by said respective loudspeakers and are collected by said 
microphones, and being capable of estimating individual transfer functions of said 
plurality of audio transfer systems or a p l ura li ty of compos i to transfer functions obtainod 
by su i tab l y combining s a i d ind i vidual transfer funct i ons , the apparatus comprising: 

a providing section that provides reference signals as a set of a plurality of low- 
correlation composite signals which correspond to signals obtained by suitably 
combining said multi-channel audio signals and which have a lower correlation with 
each other than that between said multi-channel audio signals; and 

a calculation section that estimates the individual transfer functions of the 
respective audio transfer systems or tho p l ura l ity of the compos i to transfer functions 
obta i nod by su i tably comb i ning said i nd i vidua l transfer funct i ons based on the 
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determined reference signals, 

wherein the calculation section respectively derives the individual transfer 
functions of the respective audio transfer systems or the plura li ty of caid compos i t e 
transfer functions obtained by su i tab l y combining said i nd i v i dua l transfer functions , 
using as the reference signals the set of the plurality of the low-correlation composite 
signals, such that calculation of respectively deriving the individual transfer functions of 
the respective audio transfer systems or the plura li ty of said composito transfer 
funct i ons obtained by su i tably combin i ng said ind i vidua l transfer functions is based on a 
cross-spectrum calculation between the plurality of said low-correlation composite 
signals and individual collected audio signals of the at least one microphonesr^a 
p l urality of compos i t e signa l s obtained by su i tab l y combining said indiv i dual co ll octod 
audio s i gna l s , and 

wherein the providing section combines said multi-channel audio signals through 
addition or subtraction an arithmetic operation to produce said plurality of said low- 
correlation composite signals having a lower correlation with each other than that 
between said multi-channel audio signals, such that the calculation section derives 
cross spectra based on said cross-spectrum calculation between said plurality of said 
low-correlation composite signals and the individual collected audio signals of the at 
least one microphone[[s]], or tho p l urality of composito signa l s obtainod by suitab l y 
combining sa i d i nd i v i dual co lle ctod audio s i gna l s, and ensemble-averages the 
respective cross spectra in a predetermined time period for deriving the individual 
transfer functions of said plurality of said audio transfer systems or tho p l urality of said 
composit e transfor functions obtainod by su i tably comb i n i ng sa i d ind i v i dual transfer 
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functions . 

66. (currently amended) A transfer function calculation apparatus as recited 
in claim 64, wherein the providing section produces a plurality of uncorrelated 
composite signals mutually orthogonal as the reference signals by applying a principal 
component analysis to said multi-channel audio signals, such that the calculation 
section derives cross spectra based on said cross-spectrum calculation between said 
plurality of said uncorrelated composite signals and the individual collected audio 
signals of the microphonos at least one microphone , and ensemble-averages the 
respective cross spectra in a predetermined time period for deriving the individual 
transfer functions of said plurality of said audio transfer systems. 

67. (withdrawn) A transfer function calculation apparatus being associated to 
a space provided therein with two loudspeakers and two microphones for forming four 
audio transfer systems, and being capable of estimating individual transfer functions of 
said four audio transfer systems, the apparatus comprising: 

a section that inputs stereo audio signals from an outside, which are reproduced 
by said respective loudspeakers and collected by said respective microphones; 

a section that produces mutually orthogonal two uncorrelated composite signals 
by applying a principal component analysis to said stereo audio signals; and 

a section that estimates said individual transfer functions of said four audio 
transfer systems using a set of said two uncorrelated composite signals as reference 
signals. 

68. (withdrawn) An echo canceller being associated to a space provided therein 
with a plurality of loudspeakers and one or a plurality of microphones for forming a 
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plurality of audio transfer systems, the echo canceller comprising: 

an input section that inputs multi-channel audio signals from an outside, which 
have a correlation with each other, and which are reproduced by said respective 
loudspeakers as audio sounds having correlation with each other; 

a generating section that generates reference signals as a set of low-correlation 
composite signals based on said multi-channel audio signals, the low-correlation 
composite signals having a lower correlation with each other than that among said 
multi-channel audio signals; 

an estimating section that estimates individual transfer functions of the 
respective audio transfer systems or composite transfer functions obtained by suitably 
combining said individual transfer functions based on the generated reference signals 
so as to set filter characteristics; 

a filter section that produces echo cancel signals by applying said set filter 
characteristics to the multi-channel audio signals inputted from the outside or composite 
audio signals generated based on the inputted multi-channel audio signals; and 

a subtracting section that subtracts said echo cancel signals from collected audio 
signals obtained by collecting the reproduced audio sounds having correlation with 
each other at the microphones or from composite audio signals obtained based on said 
collected audio signals, thereby performing the echo cancellation. 

69. (previously presented) A multi-channel echo channel method as recited in 
claim 53, wherein the multi-channel audio signals being inputted from an outside and 
having a correlation with each other are reproduced by said respective loudspeakers 
without lowering the correlation of the inputted multi-channel audio signals. 
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70. (previously presented) A multi-channel echo cancel method as recited in 
claim 53, wherein the multi-channel audio signals being inputted from an outside and 
having a correlation with each other are provisionally modulated to lower the correlation, 
then demodulated to restore the correlation , and thereafter reproduced by said 
respective loudspeakers. 

71 . (currently amended) A multi-channel echo cancel method as recited in claim 
70, wherein the multi-channel audio signals are provisionally modulated to lower the 
correlation by one or first or second operations, the first operation adding and 
subtracting the multi-channel audio signals with each other, [[or by]] the second 
operation orthogonalizing the multi-channel audio signals with each other. 
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